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$\frac{\partial}{\partial t}(\nabla^{2}\phi-\lambda 2\emptyset)+J(\phi, \nabla^{2}\emptyset)=0$. (1.1)
, $J(a, b)=a_{xy}.b-ab_{x}y$ Jacobian operator . (1.1) $\lambda.arrow 0$
– . $\lambda^{-1}$ CHM
2 $\mathrm{N}\mathrm{S}$ , 2 $\mathrm{N}\mathrm{S}$
. , $\lambda\neq 0$ CHM




$\frac{\partial\phi(\mathrm{r},t)}{\partial t}=\int D(\mathrm{r}-\mathrm{r}’)J(\emptyset(\mathrm{r}’, i),$
$\nabla_{\mathrm{r}}^{2},\emptyset(\mathrm{r}’, t))d\Gamma’$ , (1.2)
$D( \mathrm{r}-\mathrm{r}’)=\frac{1}{(2\pi)^{2}}\int\frac{\mathrm{e}^{i\mathrm{k}\cdot(\mathrm{r}-\mathrm{r}’)}}{\lambda^{2}+|\mathrm{k}|^{2}}d\mathrm{k}=\frac{1}{2\pi}I\mathrm{f}_{0}(\lambda|\mathrm{r}-\Gamma’|)$ (1.3)
. $I\iota_{0}’(z)$ Bessel . (1.3) $\emptyset$-field
interaction kernel , $\lambda^{-1}$ . $\lambdaarrow 0$
, – $,\backslash arrow\infty$
, $D(\mathrm{r}-\mathrm{r}’)=\backslash /-2\delta(\mathrm{r}-\mathrm{r})$; . ,
, $,\backslash ^{-1}$ ,
. CHM , [10]
, vortical quasicrystal . 1






– , , $-$ ‘
. – . $\lambda$
, $t<t_{\lambda}$ $\mathrm{N}\mathrm{S}$
. , $t>t_{\lambda}$ ,






CHM ((1.1) ) 2 $\mathrm{N}\mathrm{S}$ 2 2 ,
$E$ $U$ ,
$E= \frac{1}{L^{2}}\int-\frac{1}{2}\phi\xi d\mathrm{r}=\frac{1}{L^{2}}\int\frac{1}{2}[(\nabla\phi)^{2}+\lambda^{2}\emptyset^{2}]d_{\Gamma}$, (2.1)





$\frac{1}{2}\nabla^{2}\phi\xi d\mathrm{r}=\frac{1}{L^{2}}\int\frac{1}{2}[(\nabla 2\emptyset)2\lambda^{2}(+\nabla\phi)2]d\mathrm{r}$ (2.2)
. $L^{2}$ , $\xi(.\mathrm{r}, t)=\nabla^{2}\phi-\lambda^{2}\phi$
.
2.2
$(2.1),(2.2)$ $\phi$ $\phi(\mathrm{r},t)=\Sigma_{\mathrm{k}}\phi \mathrm{k}\mathrm{e}i\mathrm{k}\cdot \mathrm{r}$
$E= \sum_{\mathrm{k}}(k^{2}+\lambda^{2})|\phi \mathrm{k}|^{2}$ , (2.3)
$U= \sum_{\mathrm{k}}k^{2}(h^{2},+\lambda^{2})|\phi \mathrm{k}|^{2}$ (24)
. 2 $\mathrm{N}\mathrm{S}$ ,
$E$ $U$ ,
Kolmogorov $[8, 9]$ .
, CHM ((1.1) )
$\frac{d\phi_{\mathrm{k}}}{dt}=-\frac{1}{k^{2}+\lambda^{2}}\sum_{\mathrm{k}’}(\mathrm{k}\mathrm{x}\mathrm{k}’)_{z}|\mathrm{k}-\mathrm{k}’|^{2}\phi \mathrm{k}’\phi \mathrm{k}-\mathrm{k}$’ (2.5)
, $\phi_{\mathrm{k}}$
$\phi_{\mathrm{k}}\sim\lambda^{2}k^{-4}t^{-1}f(k/\lambda)$ (26)








$\epsilon\sim E/t\sim\lambda 6k^{-83}\mathcal{T}_{E}-\tilde{f}(k/\lambda)$ , (2.8)
$\eta\sim U/t\sim\lambda 6k-6-3\tilde{f}(k\mathcal{T}_{U}/\lambda)$ (2.9)
. $\tilde{f}(x)$ $\tilde{f}(x)=(1+x^{2})f(x)^{2}$ .
– }$\backslash \backslash ^{\backslash }$
$\epsilon,$ $\eta$ – , –, $\tau_{E}$ (eddy turnover
time) $\tau_{U}$ . $(2.8),(2.9)$
$\tau_{E}\sim\lambda 2\epsilon^{-1}/3k-8/\mathrm{a}(gk/\lambda)$ , $\tau_{U}\sim\lambda^{2}\eta^{-1}k^{-}/s2g(k/\lambda)$ (2.10)
2 \emptyset a) \mbox{\boldmath $\pi$}- a ’ ,‘ . $k$ $\lambda$ .
$k$ $\lambda$ . .
142
. $g(x)\equiv[\tilde{f}(x)]1/3$ . 3
$k_{f}$
.





$E(k)\sim\lambda^{2}\epsilon 2/3k-11/3(gk/\lambda)$ , (2.12)
$E(k)\sim\lambda^{2}\eta^{2/3}k-5g(k/\lambda)$ (2.13)
. , .
$\lambda\ll k_{f}$ , $k_{f}\ll\lambda$ . (2.14)
(2.5) $k\ll\lambda$ , CHM \mbox{\boldmath $\lambda$} $tarrow t/\lambda^{2}$
. $\lambda$
. ,
. $\phi_{\mathrm{k}}$ $\lambda$ , $E(k)$ $\lambda^{2}$
. $\lambda^{2}$ (2.3) .
$g(x)$ $x\ll 1$ . – $k\gg\lambda$ CHM 2
$\mathrm{N}\mathrm{S}$ , $\lambda$ . $x\gg 1$ $g(x)=x^{2}$
. $\tau_{E},$ $\tau_{U}$ $E(k)$ $k\ll\lambda$ $k\gg\lambda$
. 1 1 .
3
, CHM ((1.1) )




$\frac{d\phi_{\mathrm{k}}}{dt}=\frac{1}{k^{2}+\lambda^{2}}[-\sum(\mathrm{k}\mathrm{X}\mathrm{k}’)z|\mathrm{k}-\mathrm{k}’|2\emptyset \mathrm{k}’2\mathrm{k}’\phi \mathrm{k}-\mathrm{k}’+\nu(|\mathrm{k}|)^{p}(-|\mathrm{k}|2\phi \mathrm{k})+F(\mathrm{k}, t)]$ . (3.1)
hyperviscosity $p=2$ , $\nu$ $\nu=3.0\cross 10^{-8}$ .
$F(\mathrm{k}, t)$ , $51\leq k_{f}\leq 54$ .




1: $\tau_{E}$ , $\tau_{U}$ $E(k)$
. ( ) \mbox{\boldmath $\lambda$} $\ll k_{f}(k_{f}\ll\lambda)$ . $k_{f}$
. $k\ll k_{f}$ $(k\gg k_{f})$






$0$ $\lambda\ll k_{f}$ $\circ$ $\lambda\gg k_{f}$
1:
144
, $F(\mathrm{k}, t)=i(\mathrm{k}\cross \mathrm{f}(\mathrm{k}, t))z$ , $\mathrm{f}(\mathrm{k}, t)$
, $0$ , $\sqrt{05}$ . , $L=2\pi$
, $\lambda=50$ . $=\mathrm{L}$ 256 $\cross 256$
, , $\phi_{\mathrm{k}}\approx 0$
. 4 Runge . Kutta , $\triangle t=2.5\cross 10^{-3}$ .






, $\mathfrak{e}^{\mathrm{o}}-$ . $\lambda$
, 2 $\mathrm{N}\mathrm{S}$ $t<t_{\lambda}$
. $t<t_{\lambda}$ , $t>t_{\lambda}$
, [10]. $t$
$k_{m}(t)$ , $k_{m}(t)$
. $\lambda\ll k_{m}(t)<k_{f}$ 2 $\mathrm{N}\mathrm{S}$ . 2







, . $t\gg t_{\lambda}$ CHM
.










2: $\xi=\nabla^{2}\phi-\lambda^{2}\emptyset$ . $\phi(\mathrm{r}, 0)\simeq \mathrm{o}$












$l$ . $l$ , $\xi$
$S(k,t)$ $t$ .
$S(k,t)= \langle|\int\xi(\mathrm{r},t)\mathrm{e}^{-}:\mathrm{k}\cdot \mathrm{r}d\mathrm{r}|^{2}\rangle$. (4.1)
$<.,$ $..\cdot>$ . $S(k,t)$












$S(k, t)$ $k<\lambda$ , (4.2) $\overline{k}(t)$
. $S_{\max}(t)$ , $S_{\max}(t)$
.
. .
$\text{ }4$ $\overline{k}(t)$ $S_{\max}(t)$ . $\overline{k}(t)$
.











. – }$\backslash \backslash \backslash$ ,
Kolmogorov $\overline{k}(t)$ $S_{\max}(t)$ . 2
eddy turnover time $\tau_{E}$ . –
$k$ eddy $\mathrm{C}/$) life time . - ,








$E(k, t)= \frac{kS(k,t)}{k^{2}+\lambda^{2}}$ (4.6)
. $k\ll\lambda$ , $S(k, t)$ $(2.12),(4.6)$
$S(k,t)\sim\lambda 4\epsilon k^{-}2/314/3$ (4.7)
$S(k, t)$ . 5 $\overline{k}(t)<k\ll\lambda$ .
, . .
, $k_{t}\sim k(rightarrow t)$ , $S_{\max}(t)\approx S(\overline{k}(t))$ , (4.5) (4.7.)
$S_{\max}(t)\sim\lambda^{1/2}\epsilon^{5/}t47/4$ (4.8)
. $\overline{k}(t)\sim t-3/8,$ $S_{\max}(t)\sim t7/4$ 4 -
.
.






$F(x)$ , 5 $F(x)$
.
$F(x)\sim x^{-\gamma}\cdots(x>1)$ , $F(x)\sim x^{\delta}\cdots(x<1)$ . (4.10)
5 , $k=\lambda$ . $k=\lambda$ $S(k,t)\sim$
$\epsilon^{2/3}k^{-1}4/3\lambda 4h(k/\lambda)$ . $x\ll 1$ $h(x)\sim \mathrm{f}\mathrm{i}\mathrm{n}\mathrm{i}\mathrm{t}\mathrm{e}$ (4.7) . , $x\gg 1$








$14/3$ , 5 – . – $\delta$
, $\delta$
, $\delta\sim 3$ . [9]















$R_{\mathrm{e}} \sim\frac{\lambda^{-1}\sqrt{E}l^{2}}{\nu}\sim t^{5}/4$ . . (51)
$\phi\sim\lambda^{-}1\sqrt{E}\sim\iota^{1}/2$ $l=2\pi/\overline{k}(t)\sim t3/8$ . (5.1)
.
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